This study discovered a decreasing phenomenon of interdecadal variation in winter precipitation averaged over southern China since 1998. This study analyzed the difference in the average precipitation in the periods of
Introduction
The El Niño-Southern Oscillation (ENSO) has been regarded as an important subsystem in the global climate system. Some ENSOs do not disappear and can still exist in boreal summer (Zhang et al. 1996 (Zhang et al. , 1999 . ENSO continues up to spring after it reaches a peak during boreal winter and disappears during summer. A number of studies reported that ENSO had significantly affected climate variability in East Asia (Fu and Teng 1988; Huang and Wu 1989; Huang et al. 1999; Wang et al. 2000; Wu et al. 2003; Zhou and Huang 2003; Li et al. 2006; Wang et al. 2008) .
Interannual variations in East Asian summer monsoon (EASM) are closely related to sea surface temperatures (SSTs) in the tropical Pacific (Chen 1977; Huang and Wu 1989; Nitta and Hu 1996; Yang and Lau 1998; Chang et al. 2000; Lau and Weng 2001; Huang and Zhou 2002; Huang et al. 2003; Wu et al. 2003; Yang and Lau 2004; Lin and Lu 2009) . A relationship between SST and rainfall variability in southern China has been studied (Chang et al. 2000; Wu et al. 2003; Chan et al. 2004; Chan and Zhou 2005; Zhou et al. 2006) . Most studies on the effect of ENSO on East Asian summer rainfalls concentrated on spring and summer. However, the effect of ENSO on East Asian rainfall is not limited to summer only (Zhang et al. 1999; Wang et al. 2000; Chen et al. 2009; Zhou and Wu 2010; Zhou 2011) . Zhang and Sumi (2002) reported that positive precipitation anomalies were strengthened in winter (December-January-February) in southern regions of China during the El Niño mature phase. Wu et al. (2003) systematically summarized the effect of ENSO on rainfall anomalies in other seasons and reported that there was a clear positive correlation between ENSO and winter (December-January-February) precipitation in southern China. Zhou and Wu (2010) observed that there was a clear positive correlation between winter (November-March) rainfall in southern regions in China and ENSO. studied the effects of the southern China Sea's surface temperature and ENSO on winter (January-March) rainfall in southern China and proved that winter rainfall in southern China was closely related to Niño-3 and the southern China Sea's surface temperature.
There have been many studies on interdecadal variations of summer precipitation in China. In particular, these studies were concentrated on floods in the Yangtze River Valley and droughts in North China (e.g., Nitta and Hu 1996; Weng et al. 1999) . There have also been many discussions on the cause of the summer rainfall variation, but an agreement has yet to be reached, and the debate is still ongoing. Some studies have suggested that the cause is increased heating in the tropical Pacific and Indian Oceans (Chang et al. 2000; Gong and Ho 2002; Hu et al. 2003; Yang and Lau 2004) . Menon et al. (2002) proposed that interdecadal variations of summer rainfall could be caused by the increased emission of black carbon aerosols in East Asia. On the other hand, Yu and Zhou (2004) proved that the decrease in air temperature in the upper troposphere in East Asia played a major role in explaining the interdecadal variations of summer rainfall in China. Zhang et al. (2013) indicated that the changes of EASM and summer rainfall in recent decades are significantly affected by a range of external factors such as the Eurasian snow cover, Arctic sea ice, and SST anomalies in the Atlantic, western North Pacific, equatorial tropical Pacific, and tropical Indian Oceans.A precipitation band, which was seen along the East Asian front that was spread from southern China to the mid-North Pacific in spring and summer, was a salient feature in the global precipitation distribution (Wang et al. 2000) . Several studies paid attention to the obvious interdecadal variations of spring rainfall in southern China. A clear trend in southern regions in Yangtze River has also been reported in the last 50 years Yang and Lau 2004; Zhai et al. 2005) . Xin et al. (2006) proved that rainfall in late spring in southern China has decreased since the late 1970s and explained that the cause was related to the clear cooling in the upper troposphere in central China. Ding et al. (2010) reported that the effects of ENSO on the East Asian summer circulation have strengthened considerably since the late 1970s, and that the related circulation was shifted to the south direction. The above result showed that ENSO had a significant influence on rainfall variability in China, and that this phenomenon is more prominent in recent decades ). Feng and Li (2011) proved that summer rainfalls in southern China were affected by SSTs in the subtropical western Pacific and subtropical eastern Pacific more than SSTs in the subtropical central Pacific, and that this trend had become more prominent in recent decades.However, few studies have been conducted on interdecadal variation of winter precipitation in southern China. Zuo et al. (2011) studied the interdecadal change in the wintertime rainfall over southern China. They found a decadal shift of the wintertime rainfall over southern China in the late 1990s and attribute the shift to the decadal change in Eurasian snow cover. Thus, the present study aims to investigate whether interdecadal variation was present in winter precipitation in southern China and disclose the mechanism that caused that variation.In Section 2, materials and analysis methods are introduced, and in Section 3, the time series of winter precipitation in southern China is analyzed. In Section 4, the mechanism that caused the interdecadal variation of winter precipitation is analyzed, and in Section 5, the conclusions drawn from this study are presented.
Data and methods

Data
This study used the variables of geopotential height (gpm), zonal and meridional winds (m s -1 ), air temperature (°C), precipitable water (kg m -2 ), and specific humidity (g kg -1 ) data from the National Centers for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis from 1980 to 2014 (Kalnay et al. 1996; Kistler et al. 2001) . This NCEP/NCAR reanalysis data consisted of spatial resolution information such as latitude and longitude 2.5° × 2.5° and 17 vertical levels (the specific humidity is 16 vertical levels). Moreover, velocity potential consisted of a grid box including latitude and longitude 192 × 94 and 5 sigma levels.
Snow depths (water equivalent of accumulated snow depth, WEASD, kg m -2 ) on the Gaussian grid were used. These data were available from 1948. All the reanalyzed data may be obtained from NOAA-CIRES Climate Diagnostics Center 1 (CDC). In addition, the Climate Prediction Center's (CPC) merged analysis of precipitation (CMAP) data (Xie and Arkin 1997)-which have the same horizontal spatial resolution as the NCEP-NCAR reanalysis dataset-were used. The data are based on the monthly average and are available from 1979 to the present day. The CMAP data, which include global precipitation data, are derived by merging rain gauge observations, five different satellite estimates, and numerical model outputs.
The NOAA extended reconstructed monthly SST (Reynolds et al. 2002) , available from the same organization, was also used. The data have a horizontal resolution of 2.0° × 2.0° latitude-longitude and are available for the period of 1854 to the present day.
Methods
This study used the Student's t test to determine significance (Wilks 1995) . In the case in which two independent time series follow a t distribution and their time averages are denoted as x 1 and x 2, respectively, the test statistic is given by
where s 1 and s 2 are standard deviations, and n 1 and n 2 are numbers of the two time series, respectively. From the above formula, if the absolute value of t is greater than threshold values with a level of significance, the null hypothesis would be rejected at the α (× 100) % significance level. In this study, boreal winter is defined as the period from December to February. For example, boreal winter in 1983 is the period from December 1982, to January-February 1983.
The Niño-3.4 index is derived by the CPC of NOAA (http://www.cpc.noaa.gov/products/analysis_ monitoring/ensostuff/ensoyears.shtml).
The East Asian winter monsoon (EAWM) index is defined using the method of Shuqing and Bomin (1995) . Shuqing and Bomin (1995) defined the EAWM index using normalized 500 hPa geopotential height averaged over the region of 30°-45°N, 125°-145°E. Figure 2 shows the time series of winter (December-February) precipitation (CMAP and observation) averaged over the southern China area (20°-30°N and 110°-120°E in Fig. 1 ). Information on observation stations in southern China is shown in Table 1 . This time series shows a clear interannual and interdecadal variation as well as a decreasing trend overall (thick solid line). This decreasing trend is statistically significant at the 90 % confidence level. To examine whether there are years of a climate regime shift among the descending trends in average precipitation in southern China, a statistical change-point analysis was applied to this time series. When this analysis method is applied, a t value is derived; this indicates that a climate regime shift occurred in the year during which the absolute value of t is greatest (please refer to Elsner et al. (2000) , Chu (2002) , and Ho et al. (2004) for more details about this analysis). According to the results of our analysis, the greatest t value existed in 1999; therefore, the entire period may be divided into two separate periods: 1980 to 1998, when there was more precipitation, and 1999 to 2014, when there was less precipitation. Up to 1998, six years had a precipitation of 2.5 mm day -1 or more (1983, 1985, 1990, 1992, 1995, and 1998) , whereas no years have exceeded 2.5 mm day -1 after 1998. Thus, the present study observed a difference in average winter precipitation between 1999-2014 and 1980-1998 to determine the reason for the reduction in winter precipitation in southern China in recent years. The average winter precipitation in 1980-1998 was 2.1 mm day -1 (red line), whereas that in 1999-2014 was 1.5 mm day -1 (blue line), indicating a difference of 0.6 mm day -1 between the two periods. This difference is statistically significant at the 95 % confidence level.
Time series analysis of the southern China winter precipitation
Differences between 1999-2014 and 1980-1998
Large-scale environments
The spatial distribution of the difference in winter precipitation between the two periods were also investigated (Fig. 3a) . Overall, negative anomalies were distributed from the equatorial eastern Pacific to the equatorial central Pacific, whereas positive anomalies were distributed in the subtropical western Pacific, Maritime Continent, and northern part of Australia. This pattern is a typical spatial distribution of precipitation anomalies displayed at La Niña events. On the other hand, most of the northern parts above 20°N in East Asia showed negative anomalies, and the center of them was distributed over southern China.
The spatial distribution of difference in precipitable water and 850 hPa specific humidity between the two periods also showed a similar pattern to the spatial distribution of differences in precipitation (Figs. 3b, c). Similarly, negative anomalies were strengthened in the central and eastern Pacific, whereas positive anomalies were strengthened in the subtropical western Pacific, Maritime Continent, and Australian regions. On the other hand, most of the northern parts above 20°N in East Asia showed negative anomalies, and their center was distributed over southern China.
To investigate the characteristic of the large-scale atmospheric circulations that revealed the above spatial distribution of differences in precipitation, precipitable water, and 850 hPa specific humidity between the two periods, we analyzed a difference in 850 hPa streamlines between the two periods ( Fig.  4a) . As shown in the figure, anomalous anticyclonic circulations were strengthened in the eastern Pacific, and due to these anomalous circulations, anomalous easterlies (anomalous trade winds) were strengthened in the equatorial Pacific. On the contrary, anomalous cyclonic circulations were formed in the western seas of Australia, and anomalous westerlies blown from the anomalous circulations were converged with anomalous easterlies in the Maritime Continent. Such anomalous circulations were typical characteristics revealed during La Niña events, and as discussed earlier, negative precipitation anomalies were formed from the equatorial eastern Pacific to the equatorial central Pacific, whereas positive precipitation anomalies were strengthened in the subtropical western Pacific, Maritime Continent, and northern parts of Australia. On the other hand, a distribution of an anomalous pressure system of west high east low type, which is a typical pressure system pattern in the winter season of East Asia, with the high pressure area to the west and the low pressure area to the east, was strengthened. Hence, anomalous northerlies were strengthened in most regions in East Asia so that negative precipitation anomalies were revealed in most regions of the northern part above 20°N in East Asia, as described earlier.
A difference in 200 hPa streamlines between the two periods showed an opposite pattern to anomalous atmospheric circulations of differences in 850 hPa streamlines between the two periods (Fig. 4b) . Anomalous cyclonic circulations were strengthened in the subtropical eastern Pacific of both hemispheres. Due to the anomalous circulations, anomalous west- 1911 1952 1952 1952 1952 1952 1952 1952 1952 1930 1952 1952 1952 1952 1881 1940 1952 1952 1888 1952 1952 1952 1881 1914 1952 1914
erlies were strengthened in the equatorial Pacific.
On the contrary, anomalous anticyclonic circulations were strengthened in East Asia and around Australia, and anomalous northerlies blown from the anomalous anticyclonic circulations near Australia were flown into the anomalous anticyclonic circulations that were formed in East Asia across the Equator. A spatial distribution of anomalous pressure system that was formed in East Asia as a west high east low type may indicate that the western North Pacific subtropical high (WNPSH) was weaker in 1999-2014 than in 1980-1998. Thus, we investigated the characteristic of the WNPSH in two periods (Fig. 5) . Here the WNPSH was defined as a region that was larger than 5870 gpm. The WNPSH in 1999-2014 was limited only in the East Philippines Sea (solid line), whereas the WNPSH in 1980-1998 was developed from the far eastern sea of the Philippines to the Indochina Peninsula, i.e., from east to west (dashed line). Thus, these data suggested that warm and humid airflows were more likely to be introduced into southern China in 1980 China in -1998 China in than in 1999 China in -2014 To see whether La Niña events were really strengthened in 1999-2014, a difference in zonal atmospheric circulations averaged over winter 5°S-5°N between the two periods was investigated (Fig. 6a) . The result showed that anomalous upward flows were strengthened in western regions of 170°E, whereas anomalous downward flows were strengthened in eastern regions of 170°E. This means that the Walker circulation, in which air ascended at the equatorial western Pacific and descended at the equa- torial central and eastern Pacific, was stronger in 1999-2014.Positive anomalies of specific humidity and air temperature were revealed in the western part of 170°E, whereas negative anomalies were strengthened in the eastern part (Figs. 6b, c) . Therefore, more precipitation was revealed in the subtropical western Pacific, Maritime Continent, and northern part of Australia in 1999-2014 due to warm and humid air, whereas less precipitation was revealed from the equatorial eastern Pacific to the equatorial central Pacific due to cold and dry air. A difference in meridional atmospheric circulations averaged over a longitude zone 110-120°E where southern China is included was analyzed between the two periods (Fig. 7a) . Anomalous upward flows were strengthened in the southern China Sea, whereas anomalous downward flows were strengthened in 20-30°N, where southern China is located. This means that the Hadley circulation, in which air ascended at the southern China Sea and descended at southern China, was stronger in 1999-2014.
With respect to specific humidity, positive anomalies were strengthened in the south of 20°N, whereas negative anomalies were strengthened in the north of 20°N (Fig. 7b) . The center of the negative anomalies was located in southern China. With regard to air temperature, cold anomalies were strengthened at the lower troposphere, and warm anomalies were strengthened at the middle and upper troposphere in a latitude zone of 20-30°N, which included southern China. Thus, atmospheric air over southern China was stabilized, thereby reducing winter precipitation in the region in 1999-2014 (Fig. 7c) .
A spatial distribution of difference in air temperature at the lower troposphere and a spatial distri- bution of difference in air temperature at the upper troposphere were analyzed between the two periods (Figs. 8a, b) . The analysis result showed that in the lower troposphere, anomalous cold anomalies were revealed in the East Asia continent (Fig. 8a) , whereas in the upper troposphere, anomalous warm anomalies were revealed in the same region (Fig. 8b) . Therefore, a spatial distribution of differences between air temperature anomalies in the lower and upper troposphere was analyzed (Fig. 8c) . Here, a negative (positive) value indicated that air temperature anomalies in the lower troposphere were lower (higher) than those in the upper troposphere, which represented a stable (unstable) atmospheric state. Overall, the result seemed similar to that of spatial distribution of differences in precipitable water and 850 hPa specific humidity between the two periods. A negative value was apparent in the East Asia continent including southern China, which indicated that the atmosphere was more stable during 1999-2014, whereas a positive value was apparent in the subtropical western Pacific and Maritime Continent, which indicated that atmosphere was more unstable during 1999-2014. A difference in SST between the two periods was analyzed to determine whether the La Niña pattern was actually stronger in 1999-2014 (Fig. 9) . The result showed that cold anomalies were strengthened in the c central and eastern Pacific, whereas warm anomalies were strengthened in regions other than the equatorial central and eastern Pacific. This means that the La Niña pattern was stronger in 1999-2014.
Thus, a time series of winter average precipitation and Niño-3.4 index over southern China was analyzed (Fig. 10) . The Niño-3.4 index showed a decreasing trend up until the present day, but this trend is not statistically significant (thick dashed line). Nonetheless, two time series had a clear in-phase relationship. Therefore, a high positive correlation of 0.58 between the two variables was revealed, and this correlation was significant at the 99 % confidence level. This result means that the higher (lower) the SST in the Niño-3.4 region, the higher (lower) the winter precipitation in southern China.
Because winter precipitation in southern China had a high positive correlation with the Niño-3.4 index, the time series of 850 and 200 hPa zonal winds averaged over the Niño-3.4 region and winter precipitation in southern China were analyzed (Figs. 11a, b) . Here, 850 hPa and 200 zonal winds were normalized values. A time series of precipitation and 850 hPa zonal winds showed a decreasing trend of 850 hPa zonal wind (Fig. 11a) . This decreasing trend is statistically significant at the 90 % confidence level. The two time series had a clear in-phase relationship. Therefore, a high positive correlation of 0.65 between the two variables was revealed, and this correlation was significant at the 99 % confidence level. This result means that as westerlies (easterlies) were increasingly strengthened in the lower troposphere in the Niño-3.4 region, winter precipitation increased (decreased) in southern China.
A time series of precipitation and 200 hPa zonal winds showed an increasing trend of 200 hPa zonal wind (Fig. 11b) . This increasing trend is statistically significant at the 95 % confidence level. The two time series had a clear out-of-phase relationship. Therefore, a high negative correlation of −0.59 between the two variables was revealed, and this correlation was significant at the 99 % confidence level. This result means that as westerlies (easterlies) were increasingly strengthened in the upper troposphere in the Niño-3.4 region, winter precipitation decreased (increased) in southern China. In other words, the above analysis result indicated that when the Walker circulation was strengthened (weakened) in winter, precipitation in southern China decreased (increased).
Previously, we found that the anomalous pressure pattern of west high east low type was strengthened more in winter in East Asia regions during 1999-2014, and that this led to a decrease in precipitation in southern China. Thus, the time series of precipitation over southern China in winter and the EAWM index were analyzed (Fig. 12a) . Overall, the EAWM index did not show any clear pattern (thick dotted line). However, a clear out-of-phase relationship between the two time series was revealed, and a negative correlation of −0.71 was found between the two variables. This correlation is statistically significant at the 99 % confidence level. This means that as the EAWM became stronger (weaker), winter precipitation decreased (increased). A correlation between the winter EAWM index and Niño-3.4 index was analyzed (Fig. 12b) . A negative correlation of −0.45 between the two variables was revealed, and this correlation was significant at the 99 % confidence level. This means that as the EAWM became stronger (weaker), the SST in the Niño-3.4 decreased (increased).
To determine the cause of strengthening of the Fig. 9 . Same as in Fig. 3 , but for sea surface temperature (SST). EAWM and anomalous pressure pattern of west high east low type in the East Asia regions during 1999-2014, a difference in the WEASD between the two periods was analyzed (Fig. 13) . Anomalous snow affects the thermal state of the land surface and the overlying air through the snow-albedo and snow-hydrological effects (e.g., Barnett et al. 1989) . Positive anomalies were seen more clearly in the mid-latitude regions of 20 -50°N rather than at a high latitude above 50°N in East Asia. In particular, positive anomalies were seen even in southern regions of China. The excessive snow cover decreases the surface temperature by reflecting more solar radiation. In excessively snow-covered regions, more solar radiation is used to melt snow, and the wetter land surface leads to more surface latent heat flux. The resultant change in the surface air temperature modulates the atmospheric circulation both locally and remotely. Due to the above principles, an anomalous pressure pattern of west high east low type can be strengthened in East Asia regions during 1999-2014 where the WEASD was higher.
We also analyzed whether indexes related to changes in winter precipitation in southern China analyzed in the above (Niño-3.4 index, 850 and 200 hPa zonal winds averaged over the Niño-3.4 region, and EAWM index) showed interdecadal variation (Fig. 14) . An average of the Niño-3.4 index during 1980-1998 was 0.25, whereas that of 1999-2014 was −0.41. A difference between the two periods was statistically significant at the 95 % confidence level. An average of 850 hPa zonal wind averaged over the Fig. 12 . Time series of (a) the southern China winter precipitation (red line), East Asian winter monsoon (EAWM) index (blue line) averaged over 30-45°N, 125-145°E using 500 hPa geopotential height (Shuqing and Bomin 1995) , and the trend of the EAWM index (dashed line) and (b) Niño-3.4 index (red line) and EAWM index (blue line).
Niño-3.4 region during 1980-1998 was 0.41, whereas that of 1999-2014 was −0.50. A difference between the two periods was statistically significant at the 95 % confidence level. An average of 200 hPa zonal wind averaged over the Niño-3.4 region during 1980 Niño-3.4 region during -1998 Niño-3.4 region during was −0.50, whereas that of 1999 Niño-3.4 region during -2014 . A difference between the two periods was statistically significant at the 95 % confidence level. An average of the EAWM index during 1980-1998 was −0.20, whereas that of 1999-2014 was 0.20. A difference between the two periods was statistically significant at the 90 % confidence level. Therefore, interdecadal variations, in which winter precipitation was reduced after 1998 in southern China, can be clearly seen in indexes related to changes in winter precipitation in southern China. Moreover, differences in 200 hPa velocity potential between the two periods were analyzed to determine the global-scale atmospheric circulation characteristics between the two periods (Fig. 15) . The Walker circulation, in which air ascended at the Maritime Continent and descended at the equatorial Pacific, was stronger during 1999-2014. Furthermore, the Hadley circulation, in which air ascended at the Maritime Continent and descended at the mid-latitude regions in East Asia, was also stronger. Therefore, due to the Walker and Hadley circulations, which were strengthened during 1999-2014, winter precipitation was increased in the Maritime Continent, whereas it was decreased in southern China.
Summary and conclusion
This study discovered the decreasing phenomenon of interdecadal variation in winter precipitation averaged over southern China since 1998. Thus, this study analyzed a difference in the average precipitation between 1999-2014 and 1980-1998 to determine the cause of the reduction in winter precipitation in recent years.
The seasonal variation of precipitation between the two periods revealed that a summer wet season in 1980-1998 started in May and ended in September, whereas that in 1999-2014 started in June and ended in August, which was one month shorter than that in 1980 -1998 . Furthermore, precipitable water in 1999 -2014 was less in all seasons than in 1980-1998. This result indicates that precipitation is decreased in southern China in recent years not only in winter but also in all seasons. Overall, the spatial distribution of difference in winter precipitation between the two periods showed that negative anomalies were distributed from the equatorial eastern Pacific to the equatorial central Pacific, whereas positive anomalies were distributed in the subtropical western Pacific, Maritime Continent, and northern part of Australia. This pattern is a typical spatial distribution of precipitation anomalies displayed at La Niña events. On the other hand, most of northern parts above 20°N in East Asia showed negative anomalies, and the center of them was distributed over southern China.
To determine the characteristic of the large-scale atmospheric circulations that caused a difference of spatial distribution in precipitation between the two periods as analyzed in the above, a difference in 850 hPa streamlines was analyzed between the two periods. As shown in the figure, anomalous anticyclonic circulations were strengthened in the eastern Pacific and, due to these anomalous circulations, anomalous easterlies (anomalous trade winds) were strengthened in the equatorial Pacific. On the contrary, anomalous cyclonic circulations were formed in western seas of Australia, and anomalous westerlies blown from the anomalous circulations were converged with anomalous easterlies in the Maritime Continent. Such anomalous circulations were typical characteristics revealed during La Niña events, and, as discussed earlier, negative precipitation anomalies were formed from the equatorial eastern Pacific to the equatorial central Pacific, whereas positive precipitation anomalies were strengthened in the subtropical western Pacific, Maritime Continent, and northern parts of Australia. On the other hand, an anomalous pressure system of west high east low type, which is a typical pressure system pattern in the winter season, was strengthened in the East Asian regions. Thus, anomalous northerlies were strengthened in most regions in East Asia so that negative precipitation anomalies were revealed in most regions of the northern part above 20°N in East Asia.
Characteristics of the WNPSH for two periods were also studied. The WNPSH in 1999-2014 was limited only in the East Philippines Sea, whereas the WNPSH in 1980-1998 was developed from the far eastern sea of Philippines to the Indochina Peninsula, which was from east to west. Thus, these data suggested that warm and humid airflows were more likely to have been introduced into southern China in 1980-1998 than in 1999-2014. To see whether La Niña events were really strengthened in recent years, a difference in zonal atmospheric circulations averaged over winter 5°S-5°N between the two periods was investigated. The result showed that anomalous upward flows were strengthened in western regions of 170°E, whereas anomalous downward flows were strengthened in eastern regions of 170°E. This means that the Walker circulation, in which air ascended at the equatorial western Pacific and descended at the equatorial central and eastern Pacific, was strengthened more in 1999-2014. A difference in meridional atmospheric circulations averaged over a longitude zone 110-120°E where southern China is included was analyzed between the two periods. Anomalous upward flows were strengthened in the southern China Sea, whereas anomalous downward flows were strengthened in 20-30°N where southern China is located. This means the Hadley circulation, in which air ascended at the southern China Sea and descended at the southern China, was stronger in 1999-2014.
As we explained in above, the characteristics of large-scale atmospheric circulations with respect to the causes of winter precipitation increase after 1998 in southern China were depicted in Fig. 16 .
A difference in SST between the two periods showed a typical La Niña pattern. Thus, correlations among winter precipitations in southern China, the Niño-3.4 index, and 850 and 200 hPa zonal winds averaged over the Niño-3.4 region were analyzed.
The winter precipitation in southern China had a high positive correlation with the Niño-3.4 index, a positive correlation with 850 hPa zonal wind, and a negative correlation with 200 hPa zonal wind so that winter precipitation in southern China was related to the strength of the Walker circulation.
An anomalous pressure pattern of west high east low type in East Asia regions in winter during 1999-2014 was more strengthened, which caused reduction in precipitation in southern China. Therefore, we analyzed a correlation between precipitation and the EAWM index in southern China in winter. Two variables had a negative correlation of −0.71, which means that as the EAWM became stronger (weaker), winter precipitation decreased (increased).
To determine the cause of strengthening of the EAWM and anomalous pressure pattern of west high east low type in the East Asia regions during 1999-2014, a difference in the WEASD between the two periods was analyzed. Positive anomalies were seen clearer in the mid-latitude region of 20-50°N rather than high latitude region above 50°N in East Asia. In particular, positive anomalies were seen even in the southern region of China.
We also analyzed whether indexes related to changes in winter precipitation in southern China analyzed in the above (Niño-3.4 index, 850 and 200 hPa zonal winds averaged over the Niño-3.4 region, Fig. 16 . Schematic of anomalous atmospheric circulation changes on the recent decrease of the southern China winter precipitation. Abbreviations of "AC" and "AA" indicate "anomalous cyclone" and "anomalous anticyclone," respectively.
and EAWM index) showed interdecadal variation, which was found to be a cause of winter precipitation in southern China. In fact, the interannual relationship between the EAWM and ENSO (Zhang et al. 1996; Chen et al. 2000) , the cooling of equatorial central and eastern Pacific in the last 20 years (Kosaka and Xie 2013) , and wintertime rainfall in southern China and ENSO (Zhang et al. 2015) are already known. However, the present study is meaningful in that the above findings are investigated in greater detail.
